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Background -At present the diagnosis of pulmonary allograft rejection is made after examination of transbronchial biopsy specimens; this method is highly invasive. A study was performed to determine whether immunological parameters measured in peripheral blood or bronchoalveolar lavage samples correlate with the histological diagnosis of rejection. Methods -Left unilateral pulmonary allotransplantation was performed between dogs. The animals were immunosuppressed with cyclosporin A after transplantation but the dose of this drug was gradually reduced to allow controlled rejection to take place. Rejection was diagnosed histologically. Four immunological parameters were investigated: measurement of lavage derived T cell proliferation in response to limited culture with interleukin 2; measurement of changes in the frequency of donor reactive cytotoxic T lymphocytes; assay of the level of donor cell binding IgG antibody in recipient plasma; and measurement of the antibody dependent cell mediated cytotoxic response to donor cells after labelling with recipient plasma. Results -Assays based on measurement of the function of T cells produced significant results at a time later than the histological diagnosis of severe rejection. The level of donor reactive IgG antibody increased at a time that corresponded closely with the diagnosis of severe rejection. This IgG did not activate the antibody dependent cell mediated cytotoxic effector mechanism to a significant extent.
Conclusions -Measurement of parameters of donor specific immunoreactivity can yield data which are indicative of severe pulmonary allograft rejection. These methods make use of samples which can be obtained by minimally invasive methods. Measurement of the plasma level of donor reactive IgG antibody appears to be the most useful assay. However, each of the in vitro assays used during this series of experiments was less sensitive to the onset of rejection than was routine histological examination.
(Thorax 1994;49:151-156) Several end stage pulmonary disorders can be efficiently treated by single lung, double lung, or combined heart-lung transplantation. Advances in surgical techniques have resulted in actuarial survival rates of 78% at one year and 65% at two years.' Allograft rejection, however, presents an obstacle to long term survival and the processes of pulmonary rejection remain poorly understood.
In combined heart-lung transplantation the heart shows few signs of disease in the absence of ongoing pulmonary rejection.23 Pulmonary tissue contains highly immunogenic bronchus associated lymphoid tissues that are thought to contribute to the enhanced rejection of this organ. Studies of dendritic cells in rat lung have shown that these cells are both numerous and dynamic in their response to local inflammation. 4 The "gold standard" for pulmonary allograft rejection is the observation of peribronchial and perivascular infiltrates in transbronchial biopsies combined with a failure to detect infectious agents in bronchoalveolar lavage fluid.56 However, biopsy sampling is associated with a risk of morbidity and mortality. Other tive free heparin (Sigma). Peripheral blood mononuclear cells (PBMC) were prepared by density gradient centrifugation as described above. Plasma (diluted 1:1 in RPMI 1640) was collected from above the mononuclear cell layer after PBMC preparation and stored at -200C. Bronchoalveolar fluid was collected at 14 day intervals after transplantation. Animals were anaesthetised, maintained with propofol, and intubated with a 10 mm cuffed endotracheal tube (Portex, UK). Adequate gas exchange was maintained with jet ventilation and a flexible bronchoscope (Olympus BF-Type 3; Keymed, UK) was introduced and wedged into a limiting bronchus of the lower lobe of the transplanted lung. A lung segment was lavaged with 60 ml RPMI 1640 medium and the cell suspension washed in RPMI 1640, resuspended in culture medium, and the adherent cells (macrophages) removed by incubation on plastic tissue culture flasks (Gibco, Uxbridge, Middlesex) for at least 60 minutes at 37°C in a humid atmosphere containing 5% carbon dioxide.
Following lavage, transbronchial lung biopsy specimens were taken with alligator forceps from the lower lobe and stored in formal saline for routine histological evaluation. The biopsy specimens were graded on a scale from 0 (normal), through 2 (mild; inflammation limited to perivascular and peribronchial infiltration), to 4 (severe; end stage rejection with widespread infiltration and tissue damage). Chest radiography was performed after the biopsy (65 kV, 100 mA, 0 032 seconds) for serial analysis.
All recipient animals were reviewed daily and core temperature, weight, and chest auscultation were measured to assess signs of infection or rejection. The proliferative response of non-adherent lavage cells after 24 hour culture in rIL-2 was determined. In total 28 lavage samples were examined by this assay but the only significant lymphoproliferative responses were observed during severe rejection when doses of cyclosporin A were at their lowest levels. Maximum stimulation indices at this time ranged from multiples of 2 4 (animal 1; week 12; p < 0001), 2 7 (animal 4; week 13; p < 0 05), [4] [5] [6] [7] [8] The frequency values exceeded 1/100 000 cells before day 85 after transplantation. The asterisk indicates that the frequency value deviates significantly (p < 0 0001) from the value at day 85. week 11; p < 0 001), to 12 3 (animal 3; week 13, p < 0O05) of the background incorporation of tritium labelled thymidine by non-stimulated cells. No correlation was observed between the number of cells recovered by lavage of the transplanted lung and the rejection status of that lung (data not shown).
PBMC concentrations after transplantation were regularly assayed to determine the frequency of donor reactive cytotoxic T lymphocytes. Frequencies of <1/100000 cells were regarded as negative. Reactivity was observed in animals 1, 3, and 4 during the latter stages of allograft rejection when the administration of cyclosporin A was minimal. The frequency of donor reactive cytotoxic T lymphocytes in animal 1 became measurable (1/72 500) 89 days after transplantation; end stage rejection was found when the experiment was terminated on day 91. The frequency for animal 4 also became measurable (1/6200) during the week before termination of this experiment. Longitudinal frequency data for animal 3 are shown in fig 2; in this recipient the frequency of donor reactive cytotoxic T lymphocytes increased from < 1/100 000 to 1/70 400 by day 85 after transplantation. This frequency increased significantly (p <0-001) to 1/16 100 on day 96 and 1/10 200 by day 115 after transplantation. This latter value reflects at least a 10 fold increase in the proportion of donor reactive cytotoxic T lymphocytes during the course of pulmonary allograft rejection. Changes were not observed in the frequency of cytotoxic T lymphocytes reactive with third party splenic cells; this is indicative of the specificity of the frequency assay.
Concentrations of IgG specific for donor pulmonary cells consistently increased significantly (p<0001) from prerejection levels in the plasma of all of the recipient animals during severe allograft rejection ( fig 3) ; there was no increase in the labelling of third party pulmonary cells (data not shown).
The ability of these IgG antibodies to initiate pulmonary cell lysis by an antibody dependent cell mediated cytotoxic mechanism was investigated. The 
